
CHAPTER 4. SOIL AND WATER 
WWaatteerrsshheedd  QQuuaalliittyy  aanndd  AAsssseessssmmeenntt  

OC T O B E R  2003  
 

The Changing California 
Forest and Range 2003 Assessment 

39

Assessing cumulative watershed effects 

The preceding section on forest management and 
water quality provides examples of how land management 
can change environmental conditions and produce what is 
termed Cumulative Watershed Effects (CWE). CWE are 
defined as the combined effect of multiple activities over 
space and/or time (MacDonald, 2000). Figure 19 illustrates 
how the individual sediment production of three land 
management activities can accumulate over time and space 
to produce a large enough cumulative impact that can be 
visually detected in the stream system. 

In California, cumulative effects associated with 
timber harvesting are evaluated for each timber harvesting 
plan (THP) submitted for approval. Various biophysical, 
legal, and institutional aspects of this approach have been 
reviewed and evaluated by a number of authors (Henly, 
1993; Cromwell et al., 1999; Ligon et al., 1999; Dunne et 
al., 2001). 
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Figure 19. Conceptual diagram of cumulative watershed effects for three watersheds 

 

Source: National Council for Air and Stream Improvement, 1999 

Working at the request of CDF, a blue ribbon panel addressing the scientific basis for predicting 
cumulative effects found that an evaluation of impacts from land use in forested watersheds needs to 
consider them in their entirety (Dunne et al., 2001). Within a watershed context, CWE address the degree 
to which multiple management activities can alter watershed processes. The concept of CWE is important 
for protecting natural resources in that it recognizes that 
individual projects can collectively result in broader and 
more significant impacts on the natural resources within a 
watershed. It requires land managers to evaluate a proposed 
activity’s potential when it is combined with other activities 
in a watershed (past, present, and future) to collectively 
impact beneficial uses (Reid, 1993). The goal of a CWE 
analysis is to identify the impacts associated with multiple land management activities and by doing so, 
make informed decisions that will reduce the risk to natural resources within a watershed. 

CWE are not necessarily associated with a specific type of environmental impact. They can consider 
all of them. Detecting CWE can be extremely difficult. The impacts can be both on-site and off-site, with 
respect to the project area. For many environmental factors, there can be a lag time between when the 
landscape was altered and when a watershed response is detected. In addition, the natural background 
variability for environmental parameters (e.g., sediment, water, wood, air, and wildlife) can be very high. 
There have been a number of studies that address CWE resulting from land management in forest and 
range watersheds (Schnackenberg and MacDonald, 1998; Jones and Grant, 1996; Reid and Dunne, 1984). 

The goal of a CWE analysis is to 
identify the impacts associated with 
multiple land management activities 

and by doing so, make informed 
decisions that will reduce the risk to 

natural resources within a watershed.
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CWE associated with sediment delivery are of primary concern in forested watersheds as they 
directly affect aquatic resources. Hillslope erosion and sediment transport are characterized by high 
variability and are strongly influenced by infrequent but intense disturbance events (e.g., intense or 
prolonged rainstorms and wildfires). This variability and the uncertainty of estimation procedures limits 
our ability to detect differences in sediment yield and their association with management practices over 
relatively small time frames. However, even with the complexity and variability surrounding watershed 
processes, major controls on hillslope and channel processes have been identified through the use of 
simulation models. These models are used to examine sediment production and transport across longer 
time frames and at different spatial scales (Benda and Dunne, 1997). 

Although there is broad agreement that management activities within a watershed can produce 
cumulative effects, a consensus is lacking on how to measure, evaluate, or monitor CWE. Approaches 
range from simple checklists to complex models that are spatially explicit (MacDonald, 2000). In between 
the two extremes are a host of metrics and indices that serve as proxies of environmental conditions not 
directly measured. Central to any evaluation of CWE is a broadly agreed upon conceptual model of how 
land use can alter the risk of damaging natural resources within a watershed (Dunne et al., 2001). The 
more specific the conceptual model, the less the uncertainty associated with the decision-making process. 
Stakeholder involvement is critical in formulating a credible, conceptual model. Stakeholders include 
both public and private entities that typically have different uses for a watershed, but can be united by 
common goals and benefits from improving water quality (see the Assessment section Institutional 
Framework: Governance Shifts during the 1990s). 

The confidence in predicting CWE increases when looking at longer temporal scales and broader 
spatial scales. In many cases it is not practical to conduct long-term studies of CWE that are associated 
with forest management. Instead computer simulation models can be used to evaluate the potential impact 
of different management scenarios across a range of spatial and temporal scales (Dunne et al., 2001; 
Ziemer et al., 1991). To make the simulations as realistic as possible, Geographic Information System 
(GIS) and related data sets are required that will provide a detailed, spatially explicit description of 
watershed characteristics. 

The purpose of using models and making predictions with regard to CWE is to explicitly consider 
and reduce, to the extent possible, the environmental risks of management decisions. The notion of risk 
and probability is central to the decision-making process. The concept of risk combines a statement of 
probability of an event occurring and its magnitude. For example, a risk-based analysis might determine 
that there is a 10 percent chance of five channel-intersecting landslides per km2 of watershed area within 
five years of a timber harvest. The necessary components for a risk-based approach to assessing CWE 
include the following (modified from Dunne et al., 2001). 

• establish causal linkages between land use and ecosystem condition; 
• models should be spatially registered (i.e., GIS-based); 
• account for disturbance occurring in a stochastic environment; 
• prediction should emphasize causal relations based upon an understanding of biophysical 

processes; 
• CWE analysis should be based on a broadly agreed-upon conceptual model of how the watershed 

works as a system; 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
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• conceptual models should be formalized through mathematical relations and applied to GIS maps 
of the watershed; 

• spatial scale; incorporating both fine and coarse-grained studies; 
• models should be run in a format that leads to a probability statement; 
• models should evaluate different land use scenarios; and 
• consider a limited number of land management options. 

A great deal of research has been conducted to better 
understand forest management impacts on key environmental 
parameters. However, detailed quantitative data is often 
limited to a few watersheds. This leads to uncertainty in the 
rates and variability in watershed processes. Even less is 
known with regard to the biological response to land use 
activities. There is abundant research focused on fine-grained 
and life-stage specific responses by fish to environmental change, such as the effect of increasing fine 
sediment on incubation survival. However, there are few studies that extrapolate site-specific 
relationships to fish populations across watersheds and larger regions, referred to as evolutionary 
significant units. Operating with limited information and substantial uncertainty, CWE analysis should 
not be expected to eliminate risk to natural resources from forest management activities, but it has the 
potential to both quantify and reduce that risk, thus improving the decision-making process (Dunne et al., 
2001). Dunne and coauthors make it clear that it is the job of scientists to predict the environmental risk 
levels posed by different management scenarios. At the same time, they emphasize that it is the job of 
policy makers to determine what levels of environmental risk are socially acceptable. 

 

Cummulative Watershed Effects on privately owned forest lands: For the last two decades in California 
and other states, one of the most difficult forest policy issues has been how to resolve concerns about 
different harvest intensities and their potential impacts on watersheds. These concerns have increased as 
more people move into forested watersheds where timber removal has the potential to affect drinking water 
supplies or increase the risk of flooding. They have been further accentuated by listings of anadramous fish 
species under the federal and State Endangered Species Acts. These concerns have also been the subject of 
review by BOF rule amendments, the California State Legislature, and the Little Hoover Commission.  

It is very hard to generalize about the response in specific watersheds (see the Assessment document 
Institutional Framework: Governance Shifts during the 1990s). California is very large with many different 
kinds of watersheds and agencies with jurisdiction (see the Assessment document Legal Framework). 
However, in general, the response to these increased concerns over watershed level impacts has been 
threefold: 1) collection of more watershed information, better watershed assessment, and improved 
identification of potential cumulative watershed impacts; 2) avoidance of these impacts or implementation of 
improved harvesting and road management practices and/or mitigations that will lessen impacts; and 3) 
development of new technologies and equipment that will cause less damage. 

Absent quantitative estimates of linkages between management actions and changes in complex watershed 
responses, for the last decade California has relied on a largely qualitative approach in its FPRs for describing 
potential cumulative impacts from timber harvesting on nonfederal lands. The approach has relied on a series 
of question to be answered in the THP by Registered Professional Foresters based on guidance from a 
Technical Rule Addendum in the FPRs. Where the need is identified, mitigations for CWE are included in 
THPs. The analysis and proposed mitigations are then reviewed by California agencies as part of the review 
team process (see Institutional Framework: Governance Shifts during the 1990s). Obtaining coordinated 
review by State agencies and letting foresters know what to look for in advance have been consistent 
challenges (Cromwell et al., 1999). 

The quality of analyses throughout the 1990s was highly varied (Little Hoover Commission, 1994; Cromwell et 
al., 1999). This variability has been due to many factors including the following: 1) lack of watershed data; 2) 

CWE analysis should not be expected 
to eliminate risk to natural resources 

from forest management activities, but 
it has the potential to both quantify 

and reduce that risk, thus improving 
the decision-making process. 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/legal.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
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lack of background information on natural processes; 3) no standard watershed level analysis protocols; 4) 
ambiguous guidance on cumulative impacts analysis and mitigation measures; and 5) limited resources for 
training and subsequent monitoring (Little Hoover Commision, 1994; Cromwell et al., 1999). In addition, while 
mitigations to deal with commonly associated impacts to the beneficial uses of water on a plan-specific basis 
have been found to be successful, monitoring to date has not allowed conclusions to be drawn about whether 
the existing rules and their implementation adequately provide properly functioning habitat to aquatic species 
(see Notice of Decision for Amendments to the Forest Practice Rules Watershed Protection Extension, 2002). 
Lastly, some have criticized this process as being far too reliant on rules rather than promoting problem 
solving (Dunne et al., 2001). 

In 1992, BOF also passed a rule (14 CCR 916.8) that allowed for listing of individual watersheds that have 
special issues and for the development of mitigations to deal with these issues. To be listed, watersheds must 
meet a restrictive set of criteria that define why the current FPRs do not adequately deal with the issue (14 
CCR 916.8). To date, only one major watershed (the Mattole) has been considered for Sensitive Watershed 
status; however, it has not been listed. 

More recently in 1999, 2001, and 2002, BOF further strengthened its rules related to the watershed level 
impacts of timber harvesting. This was in response to continuing concerns about this issue, especially as it 
related to listed anadromous fish species and watersheds listed as “impaired” under the federal CWA. Many of 
the rules are based on the finding of the Science Review Panel in 1999 that the FPRs (including their 
implementation) did not insure the protection of anadromous salmonid populations on the North Coast (Ligon 
et al., 1999). 

One major thrust of the new Statewide rules has been the development of an interim Watershed Mitigation 
Addendum that can be used until December 2003 to permit landowners to use a watershed level approach for 
analysis and mitigation of timber harvest impacts. The goal of the rules is to foster maintenance and 
restoration of anadromous salmonids. They also provide a test of watershed or site-specific rules. The rules 
require identification of the limiting factors for the resource to be protected (water quality/salmonids). 
Furthermore, they mandate that either the limiting factors be avoided or that all feasible alternatives be used in 
the design of proposed timber operations. The rules also promote consultation between the responsible 
agencies and the timberland owners to address specific limiting factors for anadromous salmonids within the 
evaluation areas prior to the development and review of individual harvest plan proposals (see Notice of 
Decision – Findings Interim Watershed Mitigation Addendum – 2001). 

Other new rule language (CCR §§ 916.9 [936.9, 956.9](a)) specifies resource protection goals for each timber 
operation in a watershed with threatened or impaired water-related values, and lists objectives for meeting 
these goals. They address those natural factors that are most significant for water-related values and are most 
likely to be impacted by timber operations. These include sediment, bank and channel stability, migratory fish 
passage, stream flow, riparian zone vegetation, critical near-stream areas, thermal loading, recruitment of 
LWD, and changes in peak flow or flood frequency. New language (14 CCR §§ 916.9 [936.9, 956.9] (b)) also 
indicates that listing of an anadromous fish species is the cumulative result of many events over time and 
space; the new rules are thus aimed at bringing about recognition of pre-plan adverse CWE and of the need 
for land managers to take responsibility for reducing them. Further language (14 CCR §§ 916.9 [936.9, 
956.9](d)) permits the use of measures to offset sediment or thermal loading or other CWE that may exist 
throughout a planning watershed where they are fully delineated and the parties responsible are identified in 
the THP. 

 

Watershed assessment  

Much work has been done in the western states to 
improve assessment of watersheds in both rural and 
urban landscapes. Watershed assessment on forests and 
rangelands typically focuses on establishing the 
linkages among past and ongoing land management 
activities, geomorphic and hydrologic processes, 
aquatic and terrestrial habitat, and salmonid population responses (Ligon et al., 1999). Examples of 
formal watershed assessment approaches include the State of Washington Watershed Analysis, the 
Oregon Watershed Assessment Manual, and the Federal Interagency Watershed Assessment methodology 
used on public lands in western states. 

Watershed assessment typically focuses 
on establishing the linkages among land 
management activities, geomorphic and 

hydrologic processes, aquatic and 
terrestrial habitat, and salmonid 

population responses. 

http://www.bof.fire.ca.gov/pdfs/NOD_TI_2002ext2.pdf
http://www.bof.fire.ca.gov/pdfs/IWMA-NOD2.pdf
http://www.bof.fire.ca.gov/pdfs/IWMA-NOD2.pdf
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Within California earlier watershed assessment efforts were associated with restoration efforts on the 
Klamath and Trinity rivers and less formal cooperative efforts on French Creek, a tributary to the Scott 
River in Siskiyou County (see the Assessment document Institutional Framework: Governance Shifts 
during the 1990s). Similarly, the Watershed Protection and Restoration Council, which was convened in 
1996 to better coordinate and strengthen efforts to protect salmonids, recognized the need for sound 
assessments of baseline watershed conditions (California Environmental Resources Evaluation System, 
1998). They also recommended that California do the following: 1) compile and make available existing 
information regarding watershed conditions and history; 2) provide guidance documents to assist 
community-based groups; 3) participate in watershed assessment with local stakeholders; 4) determine the 
status of fisheries and water quality within a watershed; and 5) determine potential impacts and develop 
positive measures to reach these goals. 

In 1998, the California Resources Agency began to create an infrastructure for a coordinated State 
watershed program in forested watersheds. In addition to providing State agencies with substantial staff 
increases in order to enforce the Headwaters Agreement, the program provided for the following: 1) 
“coarse” watershed assessment of key North Coast watersheds using GIS information and available or 
easily enhanced data layers; and 2) funds to administer federal grants for salmonid restoration. 
Subsequently, significant work has taken place under NCWAP (see Institutional Framework: Governance 
Shifts during the 1990s). 

In 2000, the California Resources Agency in coordination with the California Environmental 
Protection Agency initiated NCWAP partially in response to specific requests from landowners and 
watershed groups that the State of California take a leadership role in conducting scientifically credible, 
interdisciplinary assessments that could be used for multiple purposes. See the online document North 
Coast Watershed Assessment Program for more information. The need for comprehensive watershed 
information has grown in importance with listings of salmonids as threatened species, the TMDL consent 
decree, and the increased availability of assistance grants for protecting and restoring watersheds. 
Concerns about the potential impacts of salmonid listings and TMDLs on the economy are particularly 
strong on the North Coast where natural resource-dependent industries (such as timber production, 
commercial and sport fishing, tourism, and recreation) dominate the economy. Watershed assessments 
were conducted to better understand the linkages among management activities, dominant ecological 
processes and functions, and factors limiting salmonid populations and their habitat. 

Each of NCWAP’s participating departments developed data collection and analysis methods used in 
their basin assessments. They also developed a number of tools for an interdisciplinary synthesis of 
collected information. These included models, maps, and matrices for integrating information on basin, 
sub-basin, and stream reach scales to explore linkages among watershed processes, conditions, and use. 
These tools provided a framework for identifying watershed refugia areas and factors limiting salmonid 
productivity, as well as providing a basis for understanding the potential for cumulative impacts from 
natural and man-caused impacts. This information provided guidance for developing restoration, 
management, and conservation recommendations. To date, NCWAP has completed assessments for the 
Mattole (see following sidebar) and Gualala Rivers. Assessments for Redwood Creek, Big River, and 
Albion River are nearing completion. The information from the assessment was used to identify the 
underlying causes of stream habitat deficiencies and establish linkages to watershed processes and land 
use activities.  Results of  assessments conducted by various agency personnel were brought together in 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.ncwatershed.ca.gov/
http://www.ncwatershed.ca.gov/
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an integrated synthesis process. This process attempts to describe spatial and temporal relationships 
between watershed and stream conditions with respect to their suitability to support salmonids.  The 
findings identified deficiencies in stream habitat, but also documented on-going recovery in channel 
conditions. Due to California budget problems, the NCWAP program has been largely eliminated, 
effective July 1, 2003.   

Mattole: The Mattole River Basin encompasses approximately 296 square miles of Northern California’s 
Coast Range. See the online document North Coast Watershed Assessment Program for more information. 
Although nearly three percent of the Mattole’s headwaters are in Mendocino County, the vast majority of the 
basin is within Humboldt County. The mainstem Mattole River is approximately 62 miles long and receives 
water from over 74 tributary streams. There are approximately 545 perennial stream miles in the basin. The 
basin drains into the Pacific Ocean just south of Cape Mendocino. Elevation within the basin ranges from sea 
level at the estuary to 4,088 feet at Kings Peak. The basin receives one of the highest amounts of annual 
rainfall in California, averaging 81 inches.  

NCWAP conducted a watershed assessment on the Mattole that was completed in 2002 (see North Coast 
Watershed Assessment Program). A main component of the NCWAP assessment was the analysis of stream 
and watershed factors to identify whether any of them are at a level that limits production of anadromous 
salmonids in North Coast watersheds. A limiting factor can be anything that constrains, impedes, or limits the 
growth and survival of a population. The information from the assessment was used to identify the underlying 
causes of stream habitat deficiencies and establish linkages to watershed processes and land use activities. 
Results of assessments (Table 14) conducted by various agency personnel on the Mattole team were brought 
together in an integrated synthesis process. This process attempts to describe spatial and temporal 
relationships between watershed and stream conditions with respect to their suitability to support salmonids.  

Table 14. Summary of Mattole sub-basins stream and watershed conditions and recommended action 

 
Estuary 

sub-basin
Northern 
sub-basin

Eastern 
sub-basin

Southern 
sub-basin 

Western  
sub-basin 

Identified conditions      
Instream sediment -/R -/R - -/R - 
Water temperature - - ~ + ~ 
Pools - - - ~ - 
Flow + ~ ~ - ~ 
Escape cover - - - - - 
Fish passage barriers + ~ ~ ~ ~ 
Natural sediment sources - - ~ + + 
Management-related sediment 
sources - - + - + 

Recommended improvement activity
focus areas      

Flow    X  
Erosion/sediment  X X X X 
Riparian/water temperature X X X  X 
Instream habitat X X X X X 
Gravel/substrate   X X X 
Fish passage barriers    X X 

+  Condition is favorable for anadromous salmonids 
-  Condition is not favorable for anadromous salmonids 
~  Condition is mixed or indeterminate for anadromous salmonids 
R  Trend indicates improved conditions 1984-2000 
X  Recommended improvement activity focus areas 

Source: Downie et al., 2002 

http://www.ncwatershed.ca.gov/
http://www.ncwatershed.ca.gov/
http://www.ncwatershed.ca.gov/
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Figure 20. Mattole Basin 
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Watershed assessment has also taken place by watershed groups at the local level (see Institutional 
Framework: Governance Shifts during the 1990s). Two examples of assessment efforts also exist at the 
multi-county level: 1) the Fishery Network of Central California Coastal Counties (FishNet4C); and 2) 
the Five Counties Salmonid Conservation Program. A broader regional context for local watershed 
assessment has been created as part of CALFED (see Institutional Framework: Governance Shifts during 
the 1990s). 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
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Two examples of locally-based regional efforts: The Five Counties Salmonid Conservation Program 
includes Humboldt, Mendocino, Siskiyou, Del Norte and Trinity Counties while FishNet4C includes 
Mendocino, Sonoma, Marin, San Mateo, Santa Cruz, and Monterey Counties. The efforts of these counties 
include the following: 

• developing inventories of county roads and the fish passage problems as part of their efforts to make 
certain that county operations comply with federal Endangered Species Act requirements; 

• providing training and guidance manuals to county staff on how to manage county road systems to 
minimize impacts on salmonids; 

• developing model grading ordinances and facilitating their adoption in the member counties that do not 
have such measures in place to protect aquatic resources from development, road building, and 
agricultural activities; and 

• working with other agencies to identify priority watersheds for restoration projects.  

Both efforts reflect the fact that some of the most important environmental management innovations take 
place at the local watershed level. The achievement of these innovations often involves collaboration between 
State and local governments and a wide variety of non-governmental entities (Born and Genskow, 1999). See 
the online document Institutional Framework: Governance Shifts during the 1990s for more information. 

  

Landowners and private companies have also been involved in watershed assessment. An example is 
the Fish, Farm and Forest Communities Forum (see the online document Fish, Farm and Forest 
Communities Forum), a landowner and industry-based group that works with Humboldt State University 
to develop standardized protocols for assessment and monitoring. They have worked closely with DFG 
and will help to identify the best ways to implement 
and monitor factors critical for fish protection under 
any State regulation. Private companies have also 
conducted watershed assessments on their lands. 
Two examples are Pacific Lumber Company and 
Mendocino Redwoods Company. 

Watershed restoration 

Watersheds are functional units of ecosystems 
and best treated as whole systems. They provide a 
wide range of ecosystem services, including clean 
air and water, flood control, habitat, and recreation. 
Degraded watersheds may show numerous 
symptoms, including excessive erosion, loss of plant and animal species, increased flooding, habitat 
fragmentation, and impaired water quality. This reduction in the quality of ecosystem services can have 
significant economic and social implications as well. By recognizing the services that watersheds provide, 
it is possible to create economic and social incentives to protect and restore them. 

Watershed restoration is the process of restoring 
fully functional ecosystems at the watershed scale. The 
success of a restoration project is not the return of a 
watershed to pre-human disturbance, but rather to relax 
the constraints, or limiting factors, that current 

Volunteer restoration in California. Photo: Bureau of Land 
Management. 

By recognizing the services that 
watersheds provide, it is possible to 

create economic and social incentives 
to protect and restore them. 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.humboldt.edu/~fffc/
http://www.humboldt.edu/~fffc/
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management has placed on watershed processes and conditions. Restoration allows the watershed, as a 
system, to express a range of conditions that mimic the biological and physical characteristics of the 
watershed under its natural disturbance regime (Frissell and Ralph, 1998).  

Historically, California has had a number of watershed restoration efforts. The goals of these efforts 
have varied, from stabilizing soils to improving the water quality for drinking water, fish habitat, and 
recreation consistent with goals of the federal CWA. These efforts are covered in detail in a number of 
historic and current sources (Kier Associates, 1995; DFG, 1998). 

Restoration of fish habitat has been a dominant theme. For example, policies have called for a 
doubling of the number of salmon in California’s coastal watersheds (Kier Associates, 1995). This 
doubling of the number of salmon was incorporated into a Statewide salmon conservation program 
developed by the California Advisory Committee on Salmon and Steelhead Trout, a panel of fishery 
experts authorized by the California Legislature. A similar call for increasing the long-term sustainable 
natural production of salmon in Central Valley rivers is contained in the Central Valley Project 
Improvement Act of 1992. The Act applies to the system of dams, reservoirs, and canals that diverts water 
from the Klamath-Trinity, Sacramento, and San Joaquin rivers and sends it to farms and towns on the 
coast and in the Central Valley (Kier Associates, 1995). Doubling the number of salmon has been adopted 
for federal fish restoration programs in the Klamath River Basin.  

Within the Klamath Basin itself, Congress adopted the 
Klamath River Basin Act in 1986, authorizing a million 
dollars a year for 20 years to restore the river’s fish 
resources. The Act created a 14-member Klamath River 
Basin Fisheries Task Force representing federal, State, and 
county governments, Indian tribes, commercial fishermen, 
and anglers. The task force’s role is to advise the U.S. 
Secretary of the Interior on precisely how the Restoration 
Program should address the problems identified in the Act. 

The largest watershed restoration program in California 
today is the CALFED Bay-Delta Program whose goal it to 
restore the ecosystem functions of the San Francisco Bay-
Delta system. See the online document California Bay-Delta 
Authority for more information. The scope of the program 
reaches throughout the Sacramento and San Joaquin River 
basins and beyond. CALFED’s Ecosystem Restoration 
Program provided $63 million in funding for ecosystem 
restoration projects in 2002 alone. CALFED’s Watershed 
Program, which supports watershed assessment and 
restoration activities, has an annual budget of about $34 
million. 

At the State level, DFG has been the leading force. It has w
landowners, watershed groups, and local communities to develo
efforts. The Inland Fisheries Division, now in the Native Anadro
DFG has published a stream restoration manual (DFG, 1998). F
Klamath River, California. Photo: U.S. Fish and 
Wildlife Service. 
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restoration projects have been available through a variety of sources, such as DFG’s Coastal Recovery 
Program, the CALFED Watershed Program and Ecosystem Restoration Program, and grant programs of 
the SWRCB and the Natural Resources Conservation Service (California Resources Agency and 
SWRCB, 2002). See the Assessment document Institutional Framework: Governance Shifts during the 
1990s. 

Individual landowners have been active in watershed restoration in a number of ways, from 
participation in watershed groups focused on watershed restoration to implementing restoration projects 
on their own lands. In some cases, these restoration projects have been supported through State and 
federal grant funding. In other cases, the landowners have done these projects using their own resources, 
such as timberland owners upgrading road systems to reduce sediment delivery potential as an element of 
conducting a timber harvest. An increasing number of private forest land owners in California have been 
systematically inventorying their road systems for current or potential sediment and fish passage 
problems, assessing the inventory information to developing plans and priorities for road improvements, 
and then moving forward to implement these improvements. 

Restoration work has been completed and is ongoing in a number of watersheds across California. 
Significant progress has been made through voluntary, collaborative efforts (California Resources Agency 
and SWRCB, 2002). However, absence of useful watershed assessments and plans can lead to the failure 
of restoration projects to address priority problems and their causes (California Resources Agency and 
SWRCB, 2002). This suggests the importance of increased coordination and planning both within and 
across watersheds. 

In California, watershed restoration has economic significance, with hundreds of millions of dollars 
allocated to salmon, wetland, forest, and grassland restoration. It remains an imprecise science, but holds 
enormous promise to preserve and improve the natural capital of watersheds. 

http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
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Mattole Restoration Programs: The Mattole watershed, located along the North Coast, has a long history of 
watershed restoration. Declining salmon populations led to the formation of the Mattole Salmon Group (MSG) 
in 1980 and the Mattole Restoration Council (MRC) in 1983. The MRC is a community-based, not-for-profit 
public organization with headquarters in Petrolia. Its mission is the protection and restoration of natural 
systems in the Mattole River watershed and their maintenance at sustainable levels of health and productivity, 
especially in regard to forests, fisheries, soils, and other native plant and animal communities. For more 
information see the Home Page of the Mattole Restoration Council. 

Restoration projects on the Mattole have centered on protecting aquatic resources. A summary of the types of 
projects is provided here and discussed in detail in the Mattole Watershed Assessment Report (Downie et al., 
2002).  

Stream surveys provide basic information about a stream and identify salmonid habitat problems. Stream 
surveys done in the Mattole Basin include spawning surveys, habitat typing and channel typing surveys, and 
LWD surveys.   

Road assessments help identify current and potential sources of erosion related to roads. One current road 
assessment project in the Mattole Basin is a DWR funded assessment of roads in the eastern subbasin. DFG 
is also funding erosion assessments in the eastern subbasin.  

Revegetation is important both in riparian areas, to stabilize stream banks, provide cover for salmonids, and 
provide shade, and in upslope areas, to help stabilize hillslopes. Examples of revegetation activities in the 
Mattole Basin include tree planting in the Middle Creek headwaters, funded by Sunlaw Cogeneration Partners 
in 1996, lower Mattole Basin riparian reforestation funded by DFG in 1996, and willow planting in the estuary 
funded by DFG in 1993. 

Instream improvement structures add habitat diversity, complexity, escape, and ambush cover needed by 
salmonids. The MSG has added instream structures to the Mattole headwaters, the mainstem Mattole River, 
and various tributaries since 1980 with funding from DFG.  

Fish rearing projects can be a way to supplement salmonid populations before habitat restoration activities 
can improve conditions. Beginning in 1981, MSG has trapped and raised native Chinook and Coho salmon in 
the Mattole Basin on a limited basis. In the 14 years between 1981 and 1995, 338,000 Chinook salmon and 
52,550 Coho salmon have been released between the program’s upstream and estuarine operations. 

Public education programs are effective in expanding awareness about day-to-day activities that impact a 
watershed. Two important public education campaigns in the Mattole Basin are the MRC’s “Good Roads, 
Clear Creeks” initiative, and the MSG’s campaign to encourage water conservation. 

Stream monitoring is important for restoration work in the same way that stream surveys are important; 
however, monitoring also allows restoration workers to study stream conditions over time. U.S. Geological 
Survey-sponsored and MSG-conducted sediment sampling at the Petrolia Bridge is an example of a 
monitoring program in the Mattole Basin. This program has been conducted since the year 2000. 

 

Concluding Observations 

Despite continuing advances in the field of watershed science and salmonid habitat needs, current 
knowledge limits the ability to confidently establish quantitative linkages between management actions, 
changes to channel dynamics, altered aquatic habitats, and responses of aquatic biota. This has been the 
case in both the Washington Watershed Analysis and with the Federal Interagency Watershed Analysis 
Frameworks. Both approaches have their strengths but they do not provide quantitative linkages among 
management actions, changes in watershed processes and channel dynamics, alterations in aquatic 
conditions, and response of the aquatic biota (Ligon et al., 1999). This is not surprising given the 
complexity of watersheds and the many ways that land management (past and present) can adversely 
affect environmental processes in a watershed. All of these factors take place in a stochastic environment. 
Further complicating the decision-making process is the lack of agreement on methods. Currently, there is 
no commonly accepted method for evaluating CWE. However, regardless of the approach taken, the goal 

http://www.mattole.org/
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of assessing CWE is to reduce risk and minimize impacts to natural resources. With this in mind, the 
methods of assessing CWE fall along a continuum, ranging from a more qualitative review found in 
checklists to spatially explicit models that can lead to a quantitative statement of risk (MacDonald, 2000). 

To a large degree, these same limits experienced in Washington and Oregon seem true for watershed 
assessment in California. Over time, improvements occur according to enhancement of such items as: 1) 
information on historical disturbances; 2) more detailed spatial watershed data; 3) integrated analysis of 
management activities, channel processes, and salmonid habitat; 4) creation of a biological response 
model that links changes in habitat conditions to responses of salmonids (usually referred to as a limiting 
factors analysis); 5) evaluation of all watershed land management activities, water diversions, etc.; and 6) 
conduct of analysis at multiple, biologically relevant scales (Ligon et al., 1999). Advancements in 
assessment methods have been limited as there has been little effort to focus research on the fundamental 
problems of CWE analysis and prediction (Dunne et al., 2001). 

To date, the conclusions of NCWAP suggest that integrated analysis is possible and can contribute to 
a comprehensive watershed assessment. Each report includes a synthesis of the findings from analysis of 
key watershed processes (geology, erosion, vegetation, fish habitat, water quality, etc.). This included a 
comparison of land management activities and environmental processes for each sub-basin within a 
watershed. Reports address factors that limit salmonid populations but do not predict the biologic 
response to changes in habitat conditions. The watershed reports provide specific recommendations that 
can lead to future restoration opportunities in a watershed.  

However, even with more information, better technical models, and more complete description of 
linkages, activities in watersheds will have a level of uncertainty and risk. There probably will always be 
questions even about how established principles from ecology, geomorphology, hydrology, and related 
landscape sciences will apply to specific watersheds or sites. Even sediment budgeting, which is an 
approach used by an increasing number of agencies to assess CWE, addresses only sediment and the 
related physical changes in habitat conditions and water quality; however, it does not address biological 
impacts and is thus not an adequate measure, by itself, to address cumulative effects.  

The difficulties in watershed assessment have led scientists at the University of California to propose 
a new framework for analyzing and predicting CWE. Because cumulative impacts are difficult to detect at 
the project scale, they advocate the assessment being done for entire watersheds. The approach would be 
based on extensive consultation between scientists, agencies, landowners, and interested parties in 
watersheds. It would use extensive, region-wide surveys of landscape conditions that could highlight 
critical watersheds by set criteria. Technical models, a number of which could be developed or applied in 
a relatively short time, would be used to conduct a watershed-scale gaming strategy to predict cumulative 
effects. The models would involve modeling of natural processes and risk analysis to provide a basis for 
land management decisions. Policy makers would be called on to determine what levels of land 
management-related risk to the environment is socially and politically acceptable.  Quantifying the 
uncertainty associated with management activities could reduce, but not eliminate the risk of degrading 
natural resources. Over time, targeted research would address lingering uncertainties about linkages 
between management actions and natural process (Dunne et al., 2001). 



CHAPTER 4. SOIL AND WATER 
WWaatteerrsshheedd  QQuuaalliittyy  aanndd  AAsssseessssmmeenntt  

OC T O B E R  2003  
 

The Changing California 
Forest and Range 2003 Assessment 

52

Glossary 
aggrade: The geologic process in which stream beds, floodplains, and the bottoms of other water bodies 
are raised in elevation by the deposition of material eroded and transported from other areas.  
anadromous: Moving from the sea to fresh water for reproduction. 
anadromous salmonids: Salmon species, including steelhead, that use both fresh waterbodies and oceans 
for various life stages. 
anthropogenic: Caused by humans. 
biotic: Having to do with living things; Caused by, or produced by living things; Having to do with the 
biological aspects of an environment (as opposed to geological, etc. Aspects). 
BOF: California State Board of Forestry and Fire Protection. 
CVP: Central Valley Project. 
CWA: Clean Water Act. 
CWE: Cumulative Watershed Effects. 
DFG: California Department of Fish and Game. 
DWR: California Department of Water Resources. 
eutrophication: The gradual increase in nutrients in a body of water. Natural eutrophication is a gradual 
process, but human activities may greatly accelerate the process. Eutrophic waters are rich in mineral and 
organic nutrients that promote a proliferation of plant life, especially algae, which reduces the dissolved 
oxygen content and often causes the extinction of other organisms. 
evapotranspiration: Loss of water by evaporation from the soil and transpiration from plants. 
fill: Material that is placed in low areas, compacted and built up to form the roadbed or landing surface. 
FishNet4C: Fishery Network of Central California Coastal Counties. 
floodplain: The area bordering a stream over which water spreads when the stream overflows its banks at 
flood stages. 
GIS: See Geographic Information System. 
Geographic Information System: A computer based system used to store and manipulate geographical 
(spatial) information 
gradient: The slope of a streambed or hillside. For streams, gradient is quantified as the vertical distance 
of descent over the horizontal distance the stream travels. 
ha: Hectacre. 
km2: Square kilometers. 
loading: Volume of material (i.e., sediment, wood, thermal) per unit area. 
LSF: Late successional forests.  A regulatory term for forests with characteristics of CWHR 5, 6 MD, 20 
forest stand size minimum, and continuing snags and down logs. 
LWD: Large woody debris. 
m3: Cubic meters. 
mass wasting: A high incidence of landslides. 
MFA: Million acre-feet. 
mg/L: Milligram per liter. 
microclimate: The climate of a small, specific place within an area as contrasted with the climate of the 
entire area. 
MRC: Mattole Restoration Council. 
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MSG: Mattole Salmon Group. 
MT: Metric Tons. 
NCWAP: North Coast Watershed Assessment Program. 
nonpoint: Pollution whose source cannot be ascertained including runoff from storm water and 
agricultural, range, and forestry operations, as well as dust and air pollution that contaminate waterbodies. 
refugium: An area that has escaped ecological changes occurring elsewhere and so provides a suitable 
habitat for relict species. 
riparian: Relating to or located on the banks of a river or stream. 
RWQCB: Regional Water Quality Control Board. 
sidecast: The excess earthen material pushed or dumped over the side of roads or landings. 
silviculture: Generally, the science and art of cultivating (such as with growing and tending) forest crops, 
based on the knowledge of silvics. More explicitly, silviculture is the theory and practice of controlling 
the establishment, composition, constitution, and growth of forests. 
smolt: A young salmon at the stage intermediate between the parr and the grilse, when it becomes 
covered with silvery scales and first migrates from fresh water to the sea. 
stream: A body of water that flows at least periodically or intermittently through a bed or channel having 
banks and supports fish or other aquatic life—includes creeks and rivers.   
stochastic: Pertaining to a series of random processes; involving chance or probability. 
substrate: The woody material or substance in dead trees used by wildlife for life functioning activities 
such as nesting cavity construction or host habitat for food source. 
Superfund: Congress established the Superfund Program in 1980 to locate, investigate, and clean up the 
worst instances of uncontrolled or abandoned hazardous waste sites, such as abandoned warehouses and 
landfills. The U.S. Environmental Protection Agency administers the Superfund program in cooperation 
with individual states and tribal governments. 
SWP: State Water Project. 
SWRCB: California State Water Resources Control Board. 
terrace: A level plain, usually with a steep front, bordering a river, a lake, or sometimes the sea. 
THP: Timber Harvesting Plan. 
TMDL: See Total Maximum Daily Load. 
Total Maximum Daily Load: A calculation of the maximum amount of a pollutant that a waterbody can 
receive and still meet water quality standards, as well as an estimation of the percentage originating from 
each pollution source. A TMDL is the sum of the allowable loads of a single pollutant from all 
contributing point and nonpoint sources. The calculation must include a margin of safety to ensure that 
the waterbody can be used for State-designated purposes. The calculation must also account for seasonal 
variation in water quality. 
watershed: The land area drained by a particular stream course. 
wildfire: Any fire occurring on undeveloped land; the term specifies a fire occurring on a wildland area 
that does not meet management objectives and thus requires a suppression response.  Wildland fire 
protection agencies use this term generally to indicate a vegetation fire.  Wildfire often replaces such 
terms as forest fire, brush fire, range fire, and grass fire. 
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